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A wide varietyof tropical and subtropical plants contain cardiac glycosides, and ingestion of these plants is a relatively frequent cause of poisoning in humans and animals (1) .
Childrenare at particular risk, being attracted to the bright flowers, the glossy green leaves, and the fruit-like seeds of these plants, which are commonly grown as ornamental garden shrubs. Recent cases of fatal human poisoning have been reportedin Australia (2), Melanesia (3), Thailand (4), India (5) (6) (7) , and the United States (8, 9). In veterinary medicine, cardiac glycosides in weeds contaminating grazing areas are an important cause of mortality, and cases of animal poisoning have been reported (10, 11).
Use of commercial digoxin immunoassay kits to detect poisoning by such plants has been limited by the highly specific antibodies in these kits. For years we have been using an in-house radioimmunoassay to detect plant cardiac glycosides involving antibodies tailored to have a substantial cross reactivity against many common plant glycosides (12 We detail here case reports and other experimental data to show that the current TDx Digoxim II assay is a simple, rapid assay of serum for detecting many cases of plant cardiac-glycoside poisoning.
Materials and Methods
Swine serum samples were referred from a veterinary research institute investigating an occurrence of Adonis microcarpa poisoning in pigs. Four swine had been given Adonis microcarpa seedsas part of their food over a four-day period, and four control animals had been fed the same diet without the adonis additive (15).
We also obtained, from another hospital, serum and urine samples from a 17-year-old mentally retarded boy who had been admitted for observation after suspected ingestion of a leaf from an oleander tree. After observation showed the patient to be clinically normal and to have a normal electrocardiogram, he was discharged. For the in-house radioimmunoassay, we used an 125J labeled digoxim derivative (DuPont, Billerica, MA) as tracer and polyethylene glycol 6000 (BDH Chemicals Ltd.) for separation of bound and free fractions. Antibody was prepared as described previously (12). We carried out the assay at room temperature by mixing 25 pL of specimen, 100 pL of lmIlabeled digoxin, and 300 zL of antibody in phosphatebufferedsaline containing 10 g of bovine gamma globulin (Cohn Fractions U, ifi), 1 g of bovine serum albumin (Cohn Fraction V), and 0.8 g of 8-anilimonaphthaleme-1-sulfonic 
Results and Discussion
Adonis microcarpa occurs throughout Australia and produces small seeds,which are known to contain toxins with structuressimilar to digoxin (13, 14) . Thus it is not surprising that contamination of stock feedby these seeds would cause toxic symptoms, especially in intensively-fed, nonselective feeding animals such as pigs. The swine serum samples assayedby radioimmunoassayhad apparent digoxin concentrationsfor the four Adonis-fed animals of 1.76, 1.50, 1.40, and 1.74 pgfL, whereas the four controlanimals had concentrationsof 0.13, 0.00,0.00,and 0.10 pg/L. The same samples with the Abbott TDx assay gave concentrations for the Adonis-fed animals of 1.73, 1.58, 1.45, and 1.70 tgfL; the four controls had concentrations below the detection limit of the assay.
One of the Adonis-fed animals with an apparent serum digoxin concentration of 1.74 ig/L died two days afterthe feeding of the Adonis microcarpa was stopped. The digoxin concentration in blood taken 30 nun afterdeath was 1.24 g/L as measured by radioimmunoassay, 1.36 pg/L by the TDx method. An aqueous extract of this animal's myocardium had a digoxin concentration of 7.8 g per kilogram wet weight determined by radioimmunoassay, 7.0 j.tg/kg by the TDx method. These values are similar to the digoxin concentration previously reported from this laboratory in the myocardium of a 3-year-old girlwho died afteringesting Thevetia peruviana (2) .
Serum from the 17-year-old boy with suspected oleander ingestion had an apparent digoxin concentration of 0.45 g/L and 0.19 p.g/L as measured by the radioimmunoassay and TDx methods, respectively. The referring laboratory, using the Dade Stratus method, had reported the digoxin concentration in the serum to be 0.5 g/L. These observed apparent digoxin concentrations in serum are in the same range (0.5-1.2 jtg/L) that we have seen for many essentially asymptomatic patients suspected of Thevetiaperuviana ingestion. Urine from this patient, diluted 2.5-fold with digoxin-free human serum and assayed, had apparent digoxin concentrations of 3.60g/L and 3.67 g/L as determined by radioimmunoassay and the TDx methods, respectively. Digoxin-free urine, similarly diluted, measured 0.34 ig/L by bothmethods. These results suggest that, with thispatient, the cardiac glycosides were to a large extent being excreted via the kidneys.
Ingestion of larger quantities of leaves is usually preclud-
ed by the bitter taste of the plant leaves. We have observed higher apparent digoxin concentrations in the serum of two symptomatic patients, both of whom had been reported to have swallowed Thevetia seeds. The first patient, a 5-yearold child, remained asymptomatic for 24 h after the ingestion before developing severe vomiting, bradycardia, and electrocardiographic changes, which persisted for four days before the patient recovered. The apparent digoxin concentration in the serum at about 50 h after ingestion was 1. 
This patient was asymptomatic for 4-5 h afterthe
Thevetia ingestion.
Our experience with Thevetia ingestion suggests that concentrations in the blood may correlate with the severity of poisoning. The Adonis results, however, suggest that in the case of other cardiac glycoside-contaiing plants, concentrations in serum may bear little direct relation to the severity of poisoning. We emphasize that, in a particular plant, there may be biologically active, toxic substances other than the measured cardiac glycosides that contribute to the observedclinical picture. There may also be more than one molecular speciesof digoxim-like material present, each having a different cross-reactivity in the immunoassay measuring systems.
In the two cases reported here, we have shown that the serum cardiac glycosides present in Adonis and oleander are measured equally well by the TDx Digoxin assay and the inhouse radioimmunoassay. Further to evaluate the Abbott TDx for the measurement of cardiac glycosides, we assayed the apparent digoxin concentration of extracts of some other ornamental subtropical garden plants known to be associated with cardenolide poisoning, as well as cane-toad venom, known to contain bufadienolides. These results, together with the cross reactivity of some compounds structurally similar to digoxin, are given in Tables 1 and 2 . The results show a close correspondence between the apparent digoxin concentration measured by the TDx and the radioimmunoassay for both the pure compounds and the plant extracts. As measured by the radioimmunoassay, the apparent digoxin concentration in the leaves of Nerium oleander and Thevetia peruviana are 71.5 pg/g and 2.2 g/g, respectively; the Adonis microcarpa seeds had a concentration of 12.1 pg/g; the toad venom and toad skin had a concentration of 27.8 g/g and 22.8 ig/g, respectively. The similarity of the structure of some of these cardiac glycosides to digoxin is shown in Table 3 (13). To evaluate the linearity of these assays, we serially diluted samples of cross-reacting compounds and measured the apparent digoxin concentration. The relationship betweem the apparent digoxin concentration as measured by the TDx and the radioimmunoassay and the actual concentration of the cross reactant was shown to be nonlinear (Figure 1) . Clearly, very high concentrations of digoxin-like cardiac glycosides will be measured by these assays as deceptively low ones. This nonlinearity can be explained by the competitive nature of these analyte-labeled immunoassays and the likely difference in the equilibrium constants for the competing reactions. The relationship between the measured apparent digoxim concentration and the actual concentration of cross-reactant will depend on the specificity and heterogeneity of the antibody in each immunoassay. Therefore the measured concentrations of digoxim-like material in serum will not be related to the usual therapeutic concentrations of digoxin in serum.
This study demonstrates that the TDx Digoxin U serum assay is of value in confirming that ingestion of plant materialsuspected of containing cardiac glycosides of the cardenolide or bufadiemolide type has taken place. Measurement of urine samples by the TDx assay also permits an evaluation of renal handling of the cardiac glycoside. These procedures will assist in the early institution of clinical management appropriate to the individual patient.
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